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1 
GENERIC DRONE CONTROL SYSTEM 


BACKGROUND OF THE INVENTION 


The present invention relates to a Drone Control 
System, and more particularly, a method to remotely 
pilot an air vehicle. A drone is a pilotless aircraft oper- 
ated by remote control. Drones are used in many mili- 
tary applications as aerial targets and for other purposes 
such as reconnaissance. 

The present invention is a remotely piloted aircraft, 
or drone, that was originally designed to be an operable 
aircraft and accommodate a pilot as necessary. The 
related art of drone design and development has typi- 
cally adopted two distinct approaches. The first ap- 
proach, similar to the present invention, is to convert an 
existing aircraft into a drone. Traditional aircraft to 
drone conversions have required extensive modifica- 
tions to the existing aircraft. The development of addi- 
tional and unique hardware and software systems, both 
on the aircraft and in a ground station are often re- 
quired. Further, many aircraft to drone conversions 
also require the development of new or modified air- 
craft control laws. These controls laws, or algorithms, 
are part of the additional hardware/software systems on 
board the drone and are used to govern the drone oper- 
ations. Due primarily to the aforementioned modifica- 
tions, aircraft to drone conversions often become expen- 
sive and technically complex. For this reason, each 
aircraft to drone conversion has typically been a rela- 
tively unique development effort. There have been no 
generic drone conversion kits that could be simply used 
on multiple types of aircraft. Likewise, once an aircraft 
has been converted to a drone using conventional meth- 
ods, it is impracticle and cost prohibitive to convert the 
drone back to an operable aircraft due to the fact that 
the modifications were so extensive. That is to say, 
there are no known removable and transferrable aircraft 
to drone conversion packages which would simplify the 
conversion process. 

The second approach to the design and development 
of drones is to design and manufacture the drone from 
scratch. These vehicles are thus not designed for a pilot 
on board the vehicle. These vehicles are commonly 
known as Remotely Piloted Vehicles (RPVs), and Un- 
manned Air Vehicles (UAVs). Both UAVs and RPVs 
are vehicles which are originally designed without a 
pilot on board. 

The typical drone system consists of an airborne vehi- 
cle, or airborne system, in combination with a ground 
station. The ground station is adapted to provide posi- 
tive control of the drone throughout the flight envelope 
of the air vehicle. In addition, appropriate electrical or 
mechanical devices are also controlled through the 
ground station. These electrical/mechanical devices are 
used to actuate things such as landing gear, wing flaps, 
slats, wheel brakes, speed brakes, nose wheel steering, 
and a variety of other electrical connections used for 
commanding the air vehicle. 

As stated above, the present invention is a remotely 
piloted aircraft, or drone, that was originally designed 
to be an operable aircraft and accommodate a pilot as 
necessary. Of particular interest in the present inven- 
tion, is the method of controlling the drone. The related 
technology concerning the method of controlling a 
remotely piloted aircraft typically employs a central 
command computer. The central command computers 
used in related technologies are physically located at 
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the ground station which transmits digitally telemetered 
command signals to the remotely piloted aircraft 
thereby controlling the aircraft control equipment. The 
remotely piloted aircraft or other air vehicles can be 
adapted to process these signals to execute a prepro- 
grammed flight plan. Alternatively, the central com- 
mand computer can be adapted to interface with a pilot 
or other ground operator, thereby allowing the re- 
motely piloted vehicle to execute real time commands. 

Other methods known in the art of controlling re- 
motely piloted vehicles involve the substitution of a 
voice recognition control signal with the normal digital 
telemetered control signal. Some of the aforementioned 
methods of controlling the remotely piloted vehicle also 
incorporate visual information transmitted from the 
remotely piloted vehicle to augment the controlling 
scenario. 

The Drone Control System disclosed herein is de- 
signed to greatly simplify the technical complexity of 
aircraft to drone conversions, while at the same time 
significantly reducing the costs associated with the 
more traditional conversion approach. Further, the 
present invention provides a removable and transferable 
drone configuration that can be transferred to other 
aircraft types. It will minimize the technical complexity 
of the modifications to the existing aircraft that would 
be required; this in turn allows the aircraft to remain 
fully man-rated with no system or performance degra- 
dation. Lastly, development.time for this Drone Con- 
trol System is drastically reduced over the traditional 
approaches. 


SUMMARY OF THE INVENTION 


The Drone Control System of the present invention is 
essentially comprised of a ground station and an air 
vehicle. The air vehicle in the disclosed Drone Control 
System is an operable aircraft. The ground station in the 
present inventions includes a replicated cockpit of the 
operable aircraft with the identical controls as are found 
on the operable aircraft. Control movements at the 
ground station by the operator are translated from ana- 
log displacements to digital signals and telemetered to 
the drone aircraft. Digital telemetry signals are then 
used by simple mechanical actuators in the controls to 
exactly replicate the original control movement in the 
ground station. Drone aircraft response in the handling 
quantities are therefore exactly like those of the aircraft 
before droning; the only difference is the replacement 
of the pilot with a set of mechanical actuators. Attitude 
and performance information of the aircraft, or air vehi- 
cle, will be telemetered using a video link, rather than 
telemetered readings from the instrument themselves. 

Accordingly, it is an object of this invention to pro- 
vide a Drone Control System designed to remotely fly 
an aircraft originally designed to be flown with a pilot 
on board. The pilot is replaced with a set of mechanical 
actuators in the aircraft which are controlled from a 
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It is the further object of the invention to provide a 
drone aircraft control system which would be fully 
useful in and transferable to multiple platforms and one 
that requires no permanent modifications to the existing 
aircraft. 

It is yet another object of the invention to provide a 
drone control system that transmits aircraft attitude and 
performance information from the drone to the ground 
station via telemetered video signals. Further, separate 
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takeoff and landing visual pictures will also be transmit- 
ted via a secondary video telemetry link. 
These and other objects of the invention will become 
apparent from consideration of the drawings and the 
detailed descriptions that follow. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 shows the schematic of the air vehicle config- 
uration including the darkened canopy of the present 
invention. 

FIG. 2 shows the information flow between the air- 
craft and the ground station of the present invention. 

FIG. 3 illustrates the interior of the aircraft cockpit, 
the control equipment and the plurality of actuators of 
the present invention. 

FIG. 4 depicts a view of the ground station and the 
support equipment of the present invention. 

FIG. 5 presents a top view of the ground station and 
support equipment of the present invention. 

FIG. 6 illustrates a top view of the aircraft cockpit, 
the control equipment and the plurality of actuators of 
the present invention. 


DETAILED DESCRIPTION OF THE 
INVENTION 


The present invention is a generic Drone Control 
System or alternatively a method to remotely pilot an 
air vehicle. The generic Drone Control System is a 
technically simple approach to the task of aircraft to 
drone conversions. The Drone Control System dis- 
closed essentially comprises a converted aircraft or 
other air vehicle and a ground station from where the 
drone is remotely controlled. Also disclosed as part of 
the Drone Control System are a plurality of means to 
transfer information and data between the ground sta- 
tion and the drone. 

Referring now to the drawings, FIG. 1, and FIG. 2 
show the present invention comprising an aircraft or air 
vehicle (11), a ground station (30), a means for transfer- 
ring information from the aircraft to the ground station, 
and a means for transferring information from the 
ground station to the aircraft. Specifically, the drone is 
converted from an operable air vehicle (11). The air 
vehicle (11) has a cockpit (12) containing operable con- 
trol equipment (14) as seen in FIG. 3. 

FIG. 2, FIG. 4 and FIG. 5 illustrate the ground sta- 
tion (30) which comprises a replicated cockpit having 
support equipment (32) identical to the control equip- 
ment (14) in the cockpit of the operable air vehicle (11). 
The ground station (30) is adapted to accommodate an 
operator (39) or other means to command the drone. 
The ground station (30) further comprises a means to 
display visual image signals (28) obtained from the air- 
craft or air vehicle (11) to the operating means. This 
means to display the video image signals (28) preferably 
include multiple high resolution screens (34). 

The means to transfer information from the air vehi- 
cle (11) to the ground station (30) is depicted in FIG. 2 
and FIG. 3 and comprises a plurality of video cameras 
(26,27) for gathering video information both exterior of 
the aircraft cockpit (12) as well as the instruments (not 
shown) located in the interior of the cockpit (12). In 
addition, one or more transmitters operatively con- 
nected to the video cameras (26,27) are used to send the 
information collected from the video cameras (26,27) to 
the ground station (30). Further, a receiver and display 
processors are located at the ground station and adapted 
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for receiving, processing and displaying the information 
transmitted from the aircraft. 

The means to transfer information from the ground 
station (30) to the air vehicle (11) or aircraft comprises 
a transmitter, receiver, and processor. In the preferred © 
embodiment, control movements at the ground station 
(30) are translated from analog displacements to digital 
flight command signals (35) and telemetered to the air 
vehicle (11). The telemetry flight command signals (35) 
are then used to operate the control equipment (14) on 
the air vehicle (11). 

Because aircraft cockpits and controls are designed 
for certain human population size range, a generic set of 
actuators (22) are used which provide full range control 
actuation in any fighter or attack aircraft, in essence 
replacing the pilot. The generic Drone Control System 
(10) would therefore be, with the exception of several 
minor elements, fully useful in and transferable to many 
aircraft types. No permanent modifications to the exist- 
ing aircraft would be required. This in turn, would 
allow the aircraft to remain fully man-rated with no 
system or performance degradation. 

The telemetered flight command signals (35) from the 
ground station (30) are processed on the aircraft in 
order to control the mechanical actuators (22). The 
processing of the telemetered flight command signals 
(35) is done with an actuator contro] system (24) in a 
manner so that the mechanical actuators (22) exactly 
replicate the original controls movements of the sup- 
port equipment (32) in the’ ground station (30). The 
drone aircraft response and handling qualities are there- 
fore exactly like those of this aircraft before droning. 
The primary difference is the replacement of pilot with 
a set of mechanical actuators (22). 

The drone aircraft response is recorded on a video 
camera (26) mounted at eye level in the cockpit (12) of 
the air vehicle (11). The video camera (26) is focused on 
essentially aircraft attitude and performance instru- 
ments (13). These aircraft attitude and performance 
instruments (not shown), as in normal aircraft opera- 
tions, indicate aircraft performance. The video images 
of the aircraft attitude and performance information is 
then captured and the corresponding signals (28) are 
telemetered to the ground station (30) rather than digi- 
tal telemetered readings from the instruments (13) them- 
selves. The above mentioned video images are transmit- 
ted to the ground station (30) via standard video teleme- 
try techniques. 

It is important to note that because of washout prob- 
lems caused by the sun in certain air vehicle orienta- 
tions, the air vehicle (11) preferably has a fully darkened 
cockpit (12). To that end, the aircraft canopy (16) is 
preferably covered with a light blocking material or 
fabric. This fabric is a light blocking material typically 
used on nuclear flash blindness curtains and is used to 
screen out any exterior sunlight. The instruments on the 
aircraft or air vehicle (11), and instrument (13) lighting, 
should preferably be run at maximum intensity to maxi- 
mize the video picture quality. 

A second video camera (27) which records and trans- 
mits takeoff and landing video images is also used. This 
second video camera (27) is also disposed in the cockpit 
(12) of the air vehicle (11). These second video signals 
(29) record information present exterior of the cockpit 
(12). It is impractical to use a single camera for both the 
interior pictures as well as the takeoff and landing visual 
pictures, due to the visual distortion caused by a fixed 
camera viewing both the interior instrument panel and 
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the exterior environment. Like, the first video signal 
(28), the second video signal (29) is also transmitted to 
the ground station (30) via standard video telemetry 
techniques. 

In the preferred embodiment, the air vehicle (11) 
attitude and performance information is presented to 
the remote pilot or operator (39) via telemetered video 
signals (28). The aircraft instrument panel video signal 
is presented on a high resolution screen (34) in the same 
position as an instrument panel in an aircraft or other 
simulator. Please see FIG. 4 and FIG. 5. The takeoff 
and landing video signal (29) is presented on a separate 
high resolution screen (33) mounted above the instru- 
ment panel presentation. This configuration closely 
duplicates the actual arrangement and visual scene pres- 
ented to an on board pilot, and minimizes the require- 
ment for any habit or pattern changes. While seated in 
the ground station (30), the operator (39) makes the 
appropriate flight control movements using the support 
equipment (32). These control movements include con- 
trolling of the support equipment (32) representing the 
rudders, breaks, throttle, flaps, and landing gear. These 
controls placements are measured and encoded digi- 
tally. 

Referring back to FIG. 2 and FIG. 3, the control 
displacement information of the support equipment (32) 
is transmitted from the ground station (30) to the air 
vehicle via standard telemetry techniques. A receiver 
located on the air vehicle (11) is adapted for receiving 
the flight command signal (35). As the flight command 
signal (35) is received, it is processed with an actuator 
control system (24) in order to engage and control the 
mechanical actuators (22). The processed information is 
then used to control the mechanical actuators (22) 
which in turn operate the control equipment (14). The 
operation of the control equipment (14) is done so as to 
exactly replicate the control displacements of the sup- 
port equipment (32) at the ground station (30). Actual 
control movements in the cockpit (12) of the air vehicle 
(11) are accomplished via the mechanical actuators (22) 
functioning in the same way as the pilot using his arms 
and legs. These movements of the control equipment 
(14) in the cockpit (12) result in actual air vehicle (11) or 
aircraft responses. The aircraft response and handling 
characteristic are exactly the same as in standard air- 
craft configuration because no structural modifications 
were necessary to operate this drone control system 
(10). The only change has been the replacement of the 
pilot with a set of mechanical actuators (22). 

The receiver, transmitters, mechanical actuators (22), 
and video camera (26) in the air vehicle (11) are 
mounted on a series of platforms (20) which physically 
simulates the aircraft ejection seat and placed in a loca- 
tion where the pilot typically would sit. The mechanical 
actuators (22) are operatively connected to the appro- 
priate control equipment (14) to provide the positive 
control of the air vehicle (11). 

Applied to a F-4 Phantom II aircraft, the disclosed 
Drone Control System (10) would involve modifica- 
tions to the ejection seat assembly, the canopy (16), and 
installation of two video cameras (26,27). In the pre- 
ferred embodiment, the ejection seat assembly would be 
removed from the air vehicle (11). As seen in FIG. 1, 
FIG. 3, and FIG. 6, the ejection seat itself would then 
be removed from the roller assembly. A series of plat- 
forms (20) are installed, replacing the ejection seat. 
These platforms are installed on the roller assembly so 
that the platforms (20) are in approximately the same 
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vertical position as a pilot’s arms and legs when the 
roller assembly is re-introduced to the air vehicle (11). 
Multiple mechanical actuators (22) are mounted or at- 
tached to these platforms (20). In the preferred embodi- 
ment, four platforms (20) are used. The lower platform 
(20a) is located approximately where a pilot’s legs 
would reside if a pilot were on the aircraft. A second 
platform (205) is located approximately at the control 
stick level. The third platfornt (20c) is installed at a 
height approximately equal to that of a pilot’s arm 
height so as to control the throttle. The fourth platform 
(20d) is installed at approximately eye level. 

On the lower platform (20a), four linear actuators 
(22a) are attached. Upon installation into the aircraft, 
two of these four actuators (22a) are operatively con- 
nected to the center of the rudder pedals to allow for 
the actuation of the aircraft rudder. The remaining two 
linear actuators (22a) on the lower platform (20a) are 
operatively connected to the top of each rudder so as to 
actuate the aircraft brakes. 

Two additional linear actuators (225) are mounted on 
the second platform (205). Once installed, the platform 
(205) and actuators (22b) are located proximate the 
aircraft control stick. One linear actuator (225) is opera- 
tively connected to the control stick in the 'Z' axis to 
move the stick laterally in the roll axis. A second linear 
actuator (225) would be mounted on the same second 
platform and adapted to move the control stick in the 
pitch axis to control the aircraft pitch. 

Three linear actuators (22c) are attached to the third 
platform (20c). The platform (20c) and actuators (22c) 
are located approximately at a pilot's arm height. One of 
these actuators (22c) is operatively connected to the 
aircraft throttles. The remaining two actuators (22c) are 
smaller linear actuators and are operatively connected 
to the speed brake and the flaps control switch respec- 
tively. 

Also mounted on the roller assembly is the actuator 
control system (24) and the means for communication 
between the air vehicle (11) and the ground station (30). 
As discussed above, this means for communication typi- 
cally employs one or more transmitters and one or more 
receivers as well as a signal processor or similar elec- 
tronic device. Such devices would be mounted on a 
fourth platform (20d). The command and control sig- 
nals could be routed through existing aircraft antennas. 
Alternatively, it is possible to install a new antenna to 
handle the command and control signals for the newly 
converted drone. 

Finally, a high resolution video camera (26) is in- 
stalled at eye height. In the preferred embodiment, this 
camera (26) is also mounted on the roller assembly, 
which is now the modified ejection seat. The modified 
ejection seat assembly, complete with all platforms (20), 
actuators (22), camera (26), and electronic equipment is 
re-introduced into the'air vehicle (11). The actuators 
(22) are then operatively connected to the control 
equipment (14) to which they will control, as discussed 
above. After installation on the aircraft, the high resolu- 
tion video camera (26) is focused on the cockpit instru- 
ments (13) approximately at the center of the aircraft 
control panel. 

The canopy (16) in the preferred embodiment, is lined 
with a close fitting, high density cloth material to block 
all possible light from outside the aircraft from entering 
the cockpit (12). The lighting for the aircraft instru- 
ments (13) is turned to maximum intensity to increase 
the video camera picture resolution. A second video 
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camera (27) is installed in the cockpit (12) which essen- 
tially replaces the Heads Up Display. This second video 
camera (27) provides video images from outside the 
aircraft for take-off and landing. This second video 
camera (27) also presents aircraft attitude information 
during flight. 
The ground station (30) comprises a replicated cock- 
pit having support equipment (32) identical to the con- 
trol equipment (14) in the cockpit (12) of the F-4 Phan- 
tom II. The ground station (30) is adapted to accommo- 
date an operator (39) or pilot to command the drone. 
The ground station (30) further comprises a high resolu- 
tion screen (33) to display visual images obtained from 
the first video cameras (26) within the cockpit. Like- 
wise, a second display screen (34) is located in the 
ground station to display the images received. from the 
second video camera (27). 
Further, one or more receivers and transmitters to- 
gether with the necessary data processors are located at 
the ground station (30) and adapted for receiving, trans- 
mitting, and processing the information between the 
replicated cockpit in the ground station (30) and the 
cockpit (12) in the air vehicle (11). In the preferred 
embodiment, control movements at the ground station 
(30) are translated from analog displacements to digital 
flight command signals (35) and telemetered to the air 
vehicle. The telemetry flight command signals (35) are 
then used to operate the linear actuators (22) in the 
cockpit (12) thereby remotely piloting the air vehicle 
(11). 
While a specific embodiment has been shown and 
described, many variations are possible. Additional 
features such as encoding devices or additional proces- 
sors may be employed. The particular shape or configu- 
ration of the platform, ground station, the type of actua- 
tors used, and the interior configuration of the cockpit 
may be changed to suit the system or equipment with 
which it is used. 
Having described the invention in detail, those skilled 
in the art will appreciate that modifications may be 
made to the invention without departing from its spirit. 
Therefore, it is not intended that the scope of the inven- 
tion be limited to the specific embodiment illustrated 
and described. Rather, it is intended that the scope of 
this invention be determined by the appended claims 
and their equivalents. 
What we now claim as the invention is: 
1. A method for remotely controlling an air vehicle 
comprising the steps of: 
installing a plurality of platforms in a cockpit of the 
air vehicle proximate control equipment, the con- 
trol equipment on the air vehicle is adapted for 
governing the operation of the air vehicle; 

attaching a plurality of actuators to the platforms and 
operatively connected to the control equipment; 

constructing a ground station remotely located from 
the air vehicle, the ground station comprising sup- 
port equipment similar to the control equipment on 
the air vehicle, the ground station is further 
adapted for generating flight command signals 
corresponding to the displacement and orientation 
of the support equipment; 

installing an actuator control system in the cockpit of 

the air vehicle and in operative connection with the 
plurality of actuators; 

installing a first video camera in the cockpit such that 

signals corresponding to video image of the inte- 
rior of the cockpit are recorded; 
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installing a second video camera in the cockpit such 
that signals corresponding to video images of con- 
ditions external of the cockpit are recorded; 

placing a darkened canopy over the cockpit such that 
external light is prevented from entering the cock- 
pit; 

turning cockpit instrument lighting to maximum in- 
tensity to increase the first video camera picture 
resolution; - 

generating flight command signals at the ground 
station from the operation of the support equip- 
ment; 

repeatedly transferring the flight command signals 
generated at the ground station to the actuator 
control system on the air vehicle so that the dis- 
placement and orientation of the control equipment 
on the air vehicle match the displacement and ori- 
entation of the support equipment at the ground 
station; and 

repeatedly transfer the video image signals recorded 
by the first and second cameras to the ground sta- 
tion. 

2. The method for remotely controlling an air vehicle 
of claim 1 wherein the step of repeatedly transferring 
flight command signals further comprise: 

collecting displacement and orientation information 
of the support equipment at the ground station; 

telemetering the collected displacement and orienta- 
tion information to the actuator control system; 

process the telemetered displacement and orientation 
information with the actuator control system; 

operatively engaging the plurality of actuators 
whereby the displacement and orientation of the 
contro] equipment on the air vehicle match the 
displacement and orientation of the support equip- 
ment at the ground station; and 

repeating the aforementioned four steps. 

3. The method for remotely controlling an air vehicle 
of claim 1 wherein the step of repeatedly transferring 
the video image signals recorded by the first and second 
cameras to the ground station further comprise: 

collecting the recorded video image signals from the 
first and second video cameras on the air vehicle; 

telemetering the collected video image signals to the 
ground station; 

processing the telemetered video image signals at the 
ground station; 

displaying the processed video image signals on high 
resolution screens at the ground station; and 

repeating the aforementioned four steps. 

4. A drone control system comprising: 

an operable air vehicle having a cockpit which 
houses a plurality of control equipment for govern- 
ing the operation of the air vehicle; 

a darkened canopy covering the cockpit such that 
external light is prevented from entering the cock- 
pit; 

a platform means disposed in the cockpit; 

a means for operating the control equipment disposed 
on the platform means; 

a ground station remotely located from the air vehi- 
cle, the ground station comprising a plurality of 
support equipment similar to the plurality of con- 
trol equipment in the cockpit, the ground station is 
further adapted for generating 

flight command signals corresponding to the dis- 
placement and orientation of the plurality of sup- 
port equipment; 
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a first video camera disposed on the platform means 
such that a sinal corresponding to video images of 
the interior of the cockpit are recorded and trans- 
mitted to the ground station; B 

a second video camera disposed in the air vehicle 
such that a signal corresponding to video images of 
conditions external of the cockpit are recorded and 
transmitted to the ground station; 

a means for receiving and displaying the video image 
signals transmitted from the air vehicle, the means 
for receiving and displaying disposed in the ground 
station; and 

a means to transfer the flight command signals gener- 
ated at the ground station to the air vehicle so that 
the means for operating the control equipment 
changes the displacement and orientation of the 
plurality of control equipment on the air vehicle to 
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10 
match the displacement and orientation of the plu- 
rality of support equipment at the ground station. 

5. The drone control system of claim 4 wherein the 

means for operating the control equipment further com- 
prises: 

a plurality of actuators disposed on the platform 
means and operatively connected to the plurality of 
control equipment in the cockpit; and 

an actuator control system disposed in the cockpit 
and operatively connected to the plurality of actua- 
tors. 

6. 'The drone control system of claim 5 wherein the 

plurality of actuators are linear actuators. 

7. The drone control system of claim 4 wherein the 

platform means further comprises a plurality of plat- 
forms disposed proximate the plurality of control equip- 


ment. 
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